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SOLUTION: Related to a structure comprising two joints of first ferromagnetic layer 
2/insulating layer (tunnel barrier layerVsecond ferromagnetic layer 4/insulating layer 
(tunnel barrier layerVthird ferromagnetic layer 6, a part of the insulating layer is left 
non-oxidized to keep the tunnel barrier layer stable. Or, a tunnel barrier protective layer is 
inserted in an interface. Further, for improved characteristics, a multi-layer structure is all 
generated in vacuum. Thus, the interface of the tunnel barrier layer is protected, 
characteristics is stabilized, and heat-resistance is improved. Manufacturing in vacuum 
leads to smaller specific resistance for improved characteristics. So, application to a 
high-sensitivity magnetoresistance effect element, MR head, etc., is possible. 
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i&mtimtfi 4%. 1 2%<7Mm*mt>i\tz. j^jict 

0^aMJB«K*J^T-ltfc*«K:«<iS**c:i:!flr< 

[00423 i -jTawffJiBaa*?' . amffitftSM! 
^ >y K(cj3 v ^xmrnrnznuz^i-z t imt>&vt> 

[0043] (HS60II2) ^^g^ffl^TJil"F(C 

[0044] (Fe(100)/Al+Al 2 p3 (20)/CoFe(100)/Al +A1 
2 0 5 (20)/Fe(100)) 

fit. ( m^autftfjhi-A-ca*. 
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i o o 4 5 ] m i <7mimme%.vm3 cowmmven 

JR2<^3SHK14«CoFe<oaMb*-|*I* I Fei:iI*t- £ J: 

-.0 3 ) teT/WS-^AUO^X^y^U:^ RFiSU;-? 
•y 9 iZX h -TyX-lWimX'i'EtfL Ltz. lOilf+y 

iimnm^ zmwvx s - a (ai > o 4 4 a 

US. Fe/Al+Al 2 0 3 /CoFe. CoFe/Al+Al 2 0 3 /Fei7)-efL-m 

nmsizn txmm Lxmimm^mmzft-? tz. 

[ 0 0 4 6 J -T^irSII.. Fe/Al+Al 2 0 3 /CoFe. CoFe/Al+Al 
iftyFe^iX^ilcTJJg^A.JgijE^-fb^^S?^ 2 9% 
ote!R*<»ft.*i7fc. *e*0«>Ua±L3t. JSLhJ: 

[0047] (mmm3 ) *>*-y ^K^fflOTirFK 

7jk L?zft&nm^t^mkm=Ft:smwi±iziiPi& Ltz . 

[0048] [Fe(100)/Al+Al 2 0 3 (20) /Al (5)/CoFe(100)/ 
AH-A1 2 0 3 <20)/A1 (5)/Fe(100)] 

[ 0 0 4 9 ] 1 <0aatt«Fe2WfJg 3 tfEBStttJiFeO 

*tV\ SI2<?)^'ttBCoFe£7)gi-ft;^r[6]*iFei:ii3c-f-.S «t 
p(C&i§4WN>;y- H>-^PtM« (Al 
zQg ) l±T)l $-*}J±(M)£X^-y fLtz'ik. RFjStX'N* 
•y * (3 J: h TyX^mimXitm. Ltz. Z<7)t%1--r> 

■> Hzmx-t h wmnm. t x^w^m^xM 

KM<?>W*&Wm LT-ffcfrTVUS -VMM)0>£ £.m 

LtzmmzLtz. tti, i> -j -jjcD&mMm&Tiv s 

- *J A (Al ) £ 5 X K y ? L tz . 5r±3 <I #1 ft <7)%mffii&V> 

{±-Y^->-X-yf->^\ 'J7^f-f/X7fyy' > 'J7h 
Fe/Al+Al 2 0 3 /CoFe, CoFe/Al+Al 2 0 s / 
Fe^-S-ft-FfuojJte-fctt LT &i£ LT ESmffitSS&m^ii 

coFeKcoawkaaiwrtrrtucBJiiD uraisg u:. 

[0 0 5 0] «I<7)*£m. Fe/Al+A^Cb/Al/CoFe. CoFe/Al 
+A1 2 0 s /M/Fe*iX?iXCOmiZfr^mi£ltmtf2 7%. 

2 s%^mmhi\tz. tfz. *)i>h v*>m 
gmcox-mtzTJU s - v a (ai > tfh & msizitK 1 5 % 



[0051] (^ts^j4 ) x^y fmm&m^x &.tiz 
™Lfzffi&nis$^mmkm?&simm±.izftj&Lfc. 

[0052] (Fe(100)/Au(5)/Al 2 0b (15)/Au(5)/CoFe(10 
0)/Au(5)/Al 2 03 (15)/Au(5)/Fe(100)] 

fit. ( )ft0)Mmttsm*-iX'hz. 

[ 0 0 5 3 ] m 1 O5SlStt®FeS.V^3<05Sm'f4®Fe« 
^-ft^ra^'Sv^clsi^-rSi&^K i ^ ic?SJ14'^yN--y ^ S- 
fiV> . IB 2 ^5i^1±® CoFe^-ft^TI^^Fei: jfi^^ J; 

oizW%*x>*v? : &'ft'>tz. hy&vm&M (ai 

2 0 3 ) {iT;P5^^A(Al)5:^.y^LJt^, RF3t^/t 
•y ^ (2 J: S 7"7 XviWtttrmR Lfc. :^t^ft>- 

/ n-^: i ->{zm x-th mmnm txy x ^^ommxm 
■itm com*- Sr mm t x ±x &tju s +■ < ai 2 0a ) t l fz . 

ttz. h >*M>mm (A1 2 0 3 ) (7)^rH(Cii^(Au) 2r 5 
X) * -y ^ L tz . ^r*5 i ft 6 c7)^® KIJS^jRii^T 

/C. Fe/Au/Al 2 0 : : : /Au/CoFe. Q)Fe/Au/Al 2 0 s /Au/Fe<7)-5-ii 

^^ffita^*^ii.®i:^r^Ktt^^-rCoFeJP.(7) 

[0054] .TO&SL Fe/Au/Al 2 0 3 /Au/CoFe. CoFe/Au 
/Al 2 0 3 /Au/Fe^- tl-filOigl^ ft, ffiCi^^^* 1 2 5%. 

ne^Mfjic^ ( au> wh h ^iztt^mmmx-h -> tz . 

[0055] ^-C0± N tt&ttfcin LT 1,100'C^t [5] 
\ZT)V $ x T7 a (Al 7<%td-zW&kmWz\i o 

mmt<owfrhw&<7)$\±.tf&t 3 jxtz. x->x 

[0056] (»£W| 5 ) X^-y ^^S^fflV^TOTiw 

[0057] [Fe(100)/CoZrTa(50)/Al 2 0, (15)/CoZrTa(5 
0)/CoFe(100)/CoZrTa(50)/Al 2 0 3 (15)/ CoZrTa(50)/Fe 
(100)] 

fflL. ( )rt^*ffl«i^/rxHi-i.f*4. 
[ 0 0 5 8 ] m 1 ^54ISttlFeS 3 <7)&J&1±®FeO 
^-fb^(ol^5f»(;|5]^"rniSrf6]< J: 3 fcB&H+^yCy ^ * 
ig2£7)^?S1±eCoFeO^[:^[6]* ? Fei:ia3S-rScJ: 
5 (dS*i+ x) t y ^ o . Midi ( A l 
2 0 3 ) \±?)V\-*?j±{tA)%xrt~>9\^tzfik, WS&x/i 
•y ^ (c «t s r 7 x-?mffi;X'im Itz. zcott^y 
> <-*mzmx-tzmm<?>M. t ryx^mm^mrnxm 
luwcomn-zmm lx^x^t^ 5 -hai 2 o 3 > t l^. 

4fc, h v^/l-fiM® (A^OjJOSI^ffiJcJiT^^^ r 
*ttf4<5DCoZrTa$- 5 0 ^>/N* y ^ Ltz. %&Z\ i'lft«0^/i 
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•J 7 h#7aS:ffifflLfc. Fe/CoZrTa/Al 2 0 £ /CoZrTa/CoF 
e . CoFe/CoZrTa/AI 2 0 5 /CoZrTa/Fe^il-F:ft.<^g-£(Ctt 

[00 59] Fe/CoZrTa/Al 2 0 3 /CoZrTa/CoF 
e . CoFe/CoZrTa/Al 2 03 /Colrta/FeZtlVtlW&kfr 4> Jfi 

sri o c, i^^/ns$M®^HM^r^s-7A(AD*% 
t^ii^, t±)\s7 r jj&momMii ooyjb 

[ 0 0 6 0 ] (%ffcM6 ) XM' y *JSB*jflirVtJaTfc 

* l tz to&?m&&fflbm&=?*simsL±iziEjit ttz . 

[00 O 1 ] (Fe(100)/Ni0(3)/A] 2 0s(15)/Ni0(3)/CoFe 
( 100) /Ni 0< 3)/A] , 0 3 (1 5)/Ni 0 (3) /Fe ( 100) ) 

mi. < )\H<r>$.mz.tsmv-ix'fo&. 

[ u o 6 2 ] «t i f.mm&mFeRism s <os£&e«Feo 

,7 1 » . 5i 2 ^jjsKtt*CoFecoaEfla6riai3&«Fe t E5c^l> «t 
■iCBM»l'.*'<-j»*fcfr?fc. b>*/HWl (Al 
A ) 5-'7Xs<Al)£;*/'?-y:?UtSL RFjf;u-? 

> 1 >u??A-f ^»as«o*i: T^xvjfc^DBtra-ci! 

fLev")^/V2-ii|9|l LT^T^'TVPS -HA1 2 0 3 ) t L£„ 

£ . i- > *>i mmm (ai 2 o 3 ) iomrrm^mim^mo 

* 3 x / % v ? l tz , -iix^ (D&mi(m<WEm±±x 

in^T^/'xyfy/', l»7h:*7}££te 

fflt7-*„ Fe/Ni [l/Al 2 O5 /Ni 0/CoFe, CoFe/NiO/Al 2 0 3 /NiO/ 

Few^-ii-fiw^fr&fcw ixmmtxmm&tmm<om 

[00 6 3] Z0)i£%:. Fe/NiO/Al 2 0 3 /NiO/CoFe, CoFe/ 
NiO/Al iOj/NiO/Fe-t-il-riliOfi-^^^ffitiL^t^^ 2 7 
%. 2 6 ifc, hy* 



MizmitmmAZiitzffi&zm^tzizstfiPgt o . 

fcfh. ft.^xsvxr&x.w x-oxmm&tmmm 
~T"* mMMtmmm^ nzte^xmmwwm&^-t 
z\t\mhfrx'hh. 

[0064] 

ijmz&m] c\<oftmzxtti£. m^x^mmm^ 

[HI] ( a ) *^co^,jai5t^*^^1«fi!cll (*6 

(b> mkommicomfm 
[02] %mnmm2cvffij$m 
ims) ( a > mmcomm s eM&m 
( b ) mmnrnwA . 5 , 6«oflSjs:ii 

[ H4 ] ( a ) h >-^-;Ut#-&^ 1 oso*S£-<r>i&m 

[^<0tftBJ] 
1 

la ttfffTO 

2 »l«03ftfl»£« 

3 is i ntmm ( h >*;m«Mi ) 
3 a h y^immmm 

3 a' SiOj 

3 b h y*j\MMmmm 

4 &2<7Xm&Ml 3 

5 m 2 <oieiMi ( h y^mmm ) 
5 a hywmm&Mm 

5 b h y^yn^ii^isii 

6 m3co%a$mm 

7 imitm 

a ^fiE 

b fSM 

c "^15 

d WMi 
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